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(57) Abstract: The invention pertains to therrno-resistant and light-resistant dichroic polarizers based on thin films of dichroic 
matters, in particular organic dyestuffs, in which molecules are ordered in a crystalline structure and applied on the surface of the 
substrate. The dichroic polarizer is characterized by the fact that it contains at least one anisotropically absorbing film comprised 
of oriented molecules. Anisotropically absorbing film is characterized by the fact that for the major axes of the ellipsoids of the 
real and imaginary parts of anisotropic refraction coefficient in the range of at least one absorption band of the following is true on 
the area with linear dimensions no less than the maximum wavelength (I) where K,, K 2 , K 3 and n, t n 2 , n 3 , are main values of the 
semi axes of the ellipsoid representing the imaginary and real parts, accordingly, of the anisotropic refraction coefficient, and/or the 
anisotropically absorbing film is characterized by the fact that light transmission by two films with cross-oriented polarization axes 
does not increase at least in some range of wavelengths upon the deviation of its propagation from the normal to the polarizer plane. 
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DICHROIC POLARIZER AND MATERIAL 

FIELD OF THE INVENTION 
The invention pertains to thermo-resistant and light-resistant dichroic 
5 polarizers, which are based on thin films of dichroic organic matters, in particular 
organic dyestuffs applied onto the surface of the substrate, dichroic molecules of 
which are ordered into a crystalline structure. The polarizers of the present 
invention can be used in applications with severe operating conditions. A wide 
application area includes but is not limited to for example, liquid crystal displays. 

10 

BACKGROUND OF THE INVENTION 
Optical polarizing films have found wide use in a variety of industries. Many 
polarizers have been investigated and there are polarizers based on polymers, for 
example polyvinyl alcohol, which are made optically anisotropic by uniaxial 
1 5 stretching of a thin film of such polymer. The onset of optical anisotropy is due to 
stretching of the polymer molecules and their subsequent orientation along the 
direction of stretching as described in US Patent No. 5,007,942. 

Upon exposure to iodine vapor, iodine-containing solution or an organic 
dyestuEF, the film is colored. The intensity of the color depends on the direction of 
20 the electric field vector of the electro-magnetic wave E relative to the axis of 
stretching. 

The polarizing efficiency of such films is determined by the concentration of 
iodine or other dyestuff in the polymer film and the degree of orientation of the 
polymer molecules. 

25 Despite the high polarizing efficiency of polarizers obtained from currently 

commonly used materials, they have a substantial disadvantage in that two cross- 
oriented polarizers have a high transmittance of light incident at an azimuth angle, 
especially at azimuth of ±45° relative to the axis of polarization. 

Another prior art polarizer is based on sulfo-acids of aso- and polycyclic 

30 compounds or their mixtures as well as their salts as described in WO 94/28073. 
Solution of the known material can form a stable lyotropic liquid-crystal phase, 
which allows manufacturing of optically anisotropic films. In order to obtain a film 
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based on this known material, the lyotropic liquid-crystal dyestuffis applied and 
oriented on the substrate. The solvent is later vaporized and a thin film of ordered 
molecules remains on the substrate. The structure of the film is comprised of 
ordered complexes of flat molecules of the known material. The planes of molecules 
5 and their dipole moments of optical transition are oriented perpendicular to the axis 
of macroscopic orientation in the film. Creation of such structure makes use of the 
liquid-crystal condition of the dyestuff where the molecules are already locally 
oriented, while existing in one- or two-dimensional quasi-crystal groups, oriented 
relative to each other. Upon application of such structure along with the 
1 0 simultaneous external alignment force, it assumes macroscopic orientation, which 
will not only remain, but could also improve due to the effect of crystallization 
during drying process. The resultant axis of polarization is along the direction of the 
application. 

Polarizers based on this material have a number of disadvantages, which 
15 limit its applicability. In particular, it has insufficient polarizing efficiency and low 
angular characteristics. This results in the fact that when used in various devices, 
which use two parallel polarizers of herein described type, there is some undesirable 
transmittance of unpolarized light incident at an angle to their surface. This effect is 
especially prominent when one of the polarizers has diffuse-reflective coating, 
20 which is used in most of liquid-crystal displays. One of the reasons of the above 

disadvantages is the fact that there is no control over the degree of absorption along 
the normal to the plane of the polarizer. Therefore the ratio of the coefficients of 
absorption along the two axes, one of which lays in the plane of the substrate and 
perpendicular to the direction of the orientation and the other coincides with the 
25 normal to the substrate, is not optimized. Accordingly, it is desirable to provide 
improved polarizers. 

SI MM ARY OF THE INVENTION 
The present invention provides an improved dichroic polarizer and material 
30 for its manufacture. More specifically, the invention provides dichroic polarizers 
which are based on thin films of dichroic organic materials, in particular organic 
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dyestuffc applied onto the surface of a substrate, and the dichroic molecules are 
ordered into a crystalline structure. 

In one aspect the present invention provides a dichroic polarizer containing 
at least one anisotropically absorbing film of oriented molecules of an organic 
material, wherein the anisotropically absorbing film is characterized in that for the 
semimajor axes of the ellipsoids of the real and imaginary part its anisotropic 
refractive index in the range of at least one band of absorption wavelengths, the 
following relationship is satisfied on the area with dimensions of no less than the 
maximum wavelength of at least one absorption band: 

K, *K 2 >K, 



10 
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(*l t *2) . 

2 >n > 



where K, K 2 ,K 3 , n, , n 2 and n, are main values of the imaginary and real part, 
respectively, of the semiaxis of the ellipsoid representing the anisotropic refractive 
index. Further, the anisotropically absorbing film may be characterized in that light 
transmission of two anisotropically absoibing films with cross-oriented polarization 
axes does not increase with the angle of incidence at least for a certain range of 
wavelengths in case of the deviation of its propagation from the normal to the 
polarized plane. 

In another aspect of the present invention, it provides a material of the 
anisotropically absoibing film based on oriented molecules of an organic material 
25 wherein the molecules are oriented so that for the semimajor axes of the ellipsoids 
of the real and imaginary parts of anisotropic refractive index in the range of at least 
one band of absorption wavelengths, the following relationship is satisfied on the 
area with linear dimensions of no less than the maximum wavelength of at least one 
absorption band: 

K, *K 2 >K 3 



30 
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5 where K lt K 2t K 3f n„ n 2 and n 3 are the main values of the imaginary and real part, 
respectively, of the semiaxes of the ellipsoid representing the anisotropic refractive 
index. Further, the molecules may be oriented so that light transmission of two 
anisotropically absorbing films with cross-oriented polarization axes, formed with 
this material, does not increase, at least in some range of wavelengths, upon 

1 0 deviation of the direction of light propagation from the normal to the polarizer. 

ttttTKF DESCRIPTION OF THE DRAWINGS 
The invention will be more clearly understood from the following detailed 
description when read in conjunction with the accompanying drawings in which: 
15 pigs, la and lb are diagrams illustrating the permeation of incident light 

perpendicularly and at an angle to the plane of the polarizers in the case of an 
ideally oriented single-axis polarizer. 

Figs. 2 a and 2b provide an analogous illustration for a polarizer, absorption 
coefficient of which along the normal is equal to the absorption coefficient 
20 perpendicular to the direction of orientation and the third coefficient is equal to zero. 

Fig. 3 shows the ellipsoids, which characterize the angular dependence of 
the absorption coefficient in the polarizer according to the present invention. 

Fig. 4 is a graph showing the angular dependence of the polarizing efficiency 
Ep of a polarizer and transmittance by the two cross-oriented polarizers 
25 according to the present invention as a function of the polar angle, with the fixed 
incident azimuth angle of 45°. 

Figs. 5 through 9 illustrate various embodiments of molecular packing in a 
polarizer of the present invention, which provide the necessary anisotropy of the 
absorption coefficient. 
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DETAILED DKSfl? TPTTO N Q F THF. PRESENT TNVFNTTnfJ 
The present invention is now described in detail and with reference to the 

figures. 

Optical properties of polarizers are characterized by the complex anisotropic 
5 refractive index N tJ = JZ~~mZj . where ejJ and ^ are tensors of dielectric 
and magnetic transmittance. In the system of coordinates, in which the tensor of the 
dielectric transmittance is diagonal, N „=»„-/. k „ , where ^ is the 
refractive index, which characterizes the speed of light in the matter and the plane of 
polarization of which is parallel to the axis m, k„, is an imaginary part, which 
1 0 characterizes absoiption of light with the plane of polarization along axis m and 
related to the absoiption coefficient as follows: 



15 where X is the light wavelength. Angular dependence of the real and imaginary parts 
of the refractive index may be described with ellipsoids. 

Iodine polarizers are characterized by the axial symmetry of components of 
N m Here major axis of the ellipsoid coincides with the direction of stretching. Also, 
the two components of the real and imaginary parts of the refractive index are equal, 

20 while the refractive index of the ordinary ray is less than the refractive index of the 
extraordinary ray, and the two components of the imaginary part are close to zero. 
Such films have the so-called positive dielectric anisotropy and positive dichroism. 
This means that the dipole moments of the optical transition of molecules, which are 
responsible for the absorption of light, are oriented along the direction of polymer 

25 stretching. In the case of the opposite type of ratio between refractive indices of the 
ordinary and extraordinary rays, in particular, in the case when refractive index of 
the ordinary ray is greater than the refractive index of the extraordinary ray, and the 
two components of the imaginary part are equal to some finite value, while the third 
is equal to zero, the film is said to have negative single-axis dichroism and dielectric 
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anisotropy. Therefore, in the first case the ellipsoids of the angle dependence of the 
real and imaginary parts of the refractive index have extended (needle-like) form, 
and in the second case disk-like form. 

Variations in the form of the ellipsoid of the imaginary part of the refractive 
index substantially affect parameters of polarizers, particularly their angular 
characteristics. The inventors have determined that for the large value of the 
refractive index along the normal axis K„ comparable with coefficient K, along the 
Y axis, which is perpendicular to the direction of the orientation, the polarizer has 
relatively low polarizing efficiency and low transmittance with two parallel oriented 
polarizers, especially if one of them has diffuse-reflective coating, which is 
prevalent in the most of liquid-crystal displays. This particular situation is 
characteristic to the polarizer according the present invention. This is related to the 
fact that the intensity of absorption of unpolarized light incident at an angle 
increases for all directions of polarization plane in the incident beam. On the other 
hand, when the value of K, is small, transmittance of light incident at an angle by 
the two cross-oriented polarizers is too large because of the decrease in degree of 
light polarization exiting the first polarizer. We empirically determined the 
particular relationship between the main axes of the ellipsoids of the real and 
imaginary parts of the anisotropic refractive index of the anisotropically absorbing 
film and/or the dependence of the transmittance by a two cross-oriented 
anisotropically absorbing films, manufacturing of which will make possible to attain 
the described bellow technical result and could be reliably controlled on its various 
stages. 

Of particular advantage, the present invention provides enhancement of the 
angular characteristics of the polarizer, and further the decrease of transmittance of 
unpolarized light by a single as well as by two parallel oriented polarizers while 
retaining their original thickness, and enhancement of angular characteristics of the 
two cross-oriented polarizers and an increase of polarizing efficiency. 

This result is attained because of the fact that in a dichroic polarizer, which 
contains at least one anisotropically absorbing film of oriented molecules of an 
organic material or matter, the anisotropically absorbing film is characterized by the 
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fact that for the main axes of the ellipsoids of the real and imaginary part of its 
anisotropic refractive index in the range of at least one band of absorption 
wavelengths, the following is true on the area with dimensions of no less than the 
maximum wavelength of at least one absorption band: 
5 K,>K 2 >K 3 

1 2 2 > *3 

where K, , K 2 , K 3 and n„ n 2 , n 3 , are main values of the imaginary and real part, 
accordingly, of the axes of the ellipsoid representing the anisotropic refractive index, 
and/or the anisotropically absorbing film is characterized by the fact that the light 
transmission of two films with cross-oriented polarization axes, does not increase upon 
10 diversion of direction of propagation from the normal to the polarizer, for at least a 
certain wavelength range. 

The following relation of the absorption coefficients is possible: 

K 3 <0.2«K, 

15 Directions, which correspond to the maximum and/or minimum value of the 

imaginary part of refractive index, can lay in the plane parallel to the plane of the 
substrate. 

In one embodiment the organic matter or material is constituted by at least one 
organic substance, chemical formula of which has at least one ionogenic group, which 
20 provides solubility in polar solvents in order to create the lyotropic liquid-crystal phase, 
and at least one counterion, which in the process of formation of the anisotropically 
absorbing film either remain in the structure of the molecules or not. 

In another embodiment the organic matter is constituted by at least one organic 
substance, chemical formula of which contains at least one non-ionogenic group, which 
25 provides solubility in non-polar solvents in order to create the lyotropic liquid-crystal 
phase, which in the process of formation of the anisotropically absorbing film either 
remain in the structure of the molecules or not. 

In yet another embodiment, the organic matter is constituted by at least one 
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organic dyestufF capable of light absorption in at least one of the following spectral 
ranges: from 200 through 400 nm, or 400 through 700 nm, or from 0.7 through 13 nm. 

In a further embodiment, the organic matter is constituted by at least one 
organic dyestufF of the formula: 

5 {K} (M)n 

where K is the dyestufF having a chemical formula of which contains ionogenic group 
or several groups, same or different, which provide its solubility in polar solvents in 
order to form lyotropic liquid-crystal phase, M is a counterion, and n is the number of 
counterions in a dyestufF molecule, which could be a fraction in the case of sharing of 

10 one counterion by several molecules, and in the case of n>l counterions could be 
different. 

The anisotropically absorbing film of the present invention in one embodiment 
is formed by a multitude of supra-molecular complexes of one or several organic 
matters, where the supra-molecular complexes are uniformly oriented to provide 
1 5 polarization of the incident light 

At least one of the anisotropically absorbing films may be obtained from a 
solution of at least one organic matter, which forms a stable lyotropic or thermotropic 
liquid-crystal phase, via application of such solution onto an isotropic or anisotropic 
surface of the substrate or a structure, application of an external alignment force and 
20 subsequent drying process. 

Polarizer can have the substrate made out of either a polymer, glass, metal or 
semiconducting material, surface of which could be either flat, convex, concave, 
conical, cylindrical or varying according to a certain law, including periodic. The 
surface of the substrate as well as its volumetric properties could be isotropic and 
25 anisotropic. The texture on the surface of the substrate could be formed periodic as well 
as non-periodic. 

Polarizer could contain at least one polarizing film, and/or at least one film of 
conducting material, and/or at least one phase-shifting film, and/or at least one 
birefringent film, and/or at least one alignment (the liquid crystal) film, and/or at least 
30 one protective film, and/or at least one film of liquid crystal, and/or at least one diffuse- 
or mirror-reflecting film, and/or at least one film simultaneously functioning as two or 
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more of the above films, while at least one of those films could be anisotropically or 
isotropically absorbing and/or birefringent 

The technical result is also attained because of the fact that the molecules of the 
material of the anisotropically absorbing film are oriented so that for the main axes of 
5 the ellipsoids of the real and imaginary parts of anisotropic refractive index in the range 
of at least one band of absorption wavelengths, the following is true on the area with 
dimensions of no less than the maximum wavelength of at least one absorption band: 

K,>K 2 >K 3 

2 >n > 

where K, , K 2 , K 3 and n,, n 2 , n 3 , are main values of the imaginary and real part, 
1 0 accordingly, of the axes of the ellipsoid representing the anisotropic refractive index, 
and/or the molecules of the material are oriented so that the transmission of light by 
two films with cross-oriented polarization axes made of the same material does not 
increase upon diversion of direction of propagation from the normal to the polarizers, 
for at least a certain wavelength range. 
1 5 The following relation of the absoiption coefficients is possible: 

K 3 <0.2*K, 

In one embodiment the organic matter is constituted by at least one organic 
substance, chemical formula of which has at least one ionogenic group, which provides 

20 its solubility in polar solvents in order to create the lyotropic liquid-crystal phase, and 
at least one counterion, which in the process of formation of the anisotropically 
absorbing film either remain in the structure of the molecules or not. 

In another embodiment the organic matter is constituted by at least one organic 
substance, chemical formula of which has at least one non-ionogenic group, which 

25 provides solubility in non-polar solvents in order to create the lyotropic liquid-crystal 
phase, which in the process of formation of the anisotropically absorbing film either 
remain in the structure of the molecules or not. 
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In a further embodiment the organic matter is constituted by at least one organic 
dyestuff capable of absorption in at least one of the following spectral ranges: from 200 
through 400 nm, or 400 through 700 nm, or from 0.7 through 13 \im. 

The organic matter could also be based on at least one organic dyestuff of the 
formula 

{K} (M)n 

where K is the dyestuff, chemical formula of which contains ionogenic group or several 
groups, same or different, which provide its solubility in polar solvents in order to form 
lyotropic liquid-crystal phase, M is a counterion, and n is the number of counterions in 
a dyestuff molecule, which could be a fraction in the case of sharing of one counterion 
by several molecules, and in the case of n>l counterions could be different. 
Water could be used as the polar solvent 

The material may be formed by a multitude of supra-molecular complexes of 
one or several organic matters, where the supra-molecular complexes are uniformly 
oriented to provide polarization of the incident light 

The material maybe obtained from a solution of at least one organic substance, 
which forms a stable lyotropic or thermotropic liquid-crystal phase, via application of 
such solution onto an isotropic or anisotropic surface of the substrate or a structure, 
application of an external alignment force and the subsequent drying process. 

The material can be intended for, and is not limited to, obtaining a polarizing 
film, and/or a phase-shifting film, and/or a birefringent film, and/or an alignment (the 
liquid crystal) film, and/or a protective film, and/or a film of liquid crystal, and/or a 
film simultaneously functioning as any combination of at least two or more of the 
above films. 

The material may further be characterized by the varying direction of the 
polarization axis throughout the thickness of the film, obtained from this material, on 
at least a single area of the film. 

Referring to Fig. la, a beam of unpolarized light S 0 hits the surface along the 
normal to the surface of the polarizer 1, axis of absorption of which is along the X 
direction, which coincides with the direction of stretching of the polymer film. The 
absorption coefficient along that axis is equal to K,, while along Y and Z it is zero. 
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Axis Z is pointing along the normal to the plane, while Y coincides with the axis of 
polarization. The light of the unpolarized beam S D contains flat polarized rays with 
arbitrary polarization in all possible orientations and equal amplitude of the electrical 
field E 0 , therefore the tips of the E vectors are on the circumference of radius E 0 . In the 
case of the normal incidence, the circumference of the incident beam transforms into 
a straight line of length 2E 0 of the exiting beam S\ which signifies transformation of 
the light into a flat polarized beam. 

If the incident light beam is deviated at an intermediate azimuth angle, as shown 
in Fig. lb, then the flat polarized beam transforms into partially polarized, since the 
portion of rays with the plane of polarization perpendicular to the axis of absorption 
will pass through the polarizer unaffected (without attenuation). The other rays will be 
attenuated to a various degree depending on the angle between their orientation and the 
polarization axis. Therefore, the beam S\ exiting the polarizer will only be partially 
polarized and the degree of polarization will be minimal when the azimuth angle is 45°. 
The circumference, on which lay the tips of the E-vectors will be transformed into an 
ellipsoid with the main axis equal to E 0 . Upon the beam passing through the second 
polarizer, axis of polarization of which is parallel to the polarization axis of the first 
polarizer, only the minor axis of the ellipsoid will be affected due to additional 
absorption. The semimajor axis will remain the same. If the polarization axis of the 
second polarizer is perpendicular to the first one, then the major axis of the ellipsoid 
will be attenuated, while the minor axis will remain the same and the resultant beam 
on the exit from the second polarizer will be poorly polarized. The intensity of this 
resultant beam is increasing with the increasing polar angle Q and with the azimuth 
angle <X> closer to 45°. This illustrates the poor angular characteristics of cross-oriented 
polarizers with positive anisotropy. 

In the case of distributed dipole moments of the optical transition, shown in Fig. 
2, the circumference of the unpolarized light incident normal to the polarizer also 
transforms into a straight line of length 2E 0 . With the deviation of the beam S 0 from the 
normal, the polarized beam S' will also be transformed into an ellipse, however the 
semimajor axis will be less than E 0 since in the inclined beam there are no E-vectors 



WO 01/63346 PCT/US01/05788 

12 

that would be perpendicular to all absorbing dipoles. Upon passing through the second 
polarizer parallel to the first one, both axis of the ellipse will decrease even further and 
the resultant light has the intensity even less than if all the dipole moments were 
oriented in one single direction as in the first case. If the light passes through two cross- 
5 oriented polarizers than absorption of light in all directions of E-vector increases, which 
provides a more complete absorption of light in comparison to the case illustrated in 
Figs, la and lb. 

Therefore, for two polarizers of any type, having an advantage in angle 
characteristics in one orientation corresponds to a disadvantage in the other orientation. 
1 0 From the above analysis we conclude that the magnitude of the absorption coefficient 
along the normal to the polarizer plane substantially affects the angular characteristics 
of polarizers. Consequently, it is possible to pick such a ratio of Ky and K, that would 
provide the optimum combination of characteristics of polarizers with positive and 
negative dichroism. 

15 Fig. 3 shows ellipsoids, which characterize the angular dependence of the 

refraction and absorption coefficients (real and imaginary parts of the anisotropic 
refractive index) of the proposed polarizer. The main axes of the refractive index n and 
absorption coefficient K are co-directional relative to each other but arbitrarily directed 
(in the general case) relative to the X, Y, Z coordinate system associated with the 
20 substrate. The Z-axis is directed along the normal to the X,Y,Z-plane of the polarizer. 
The X-axis is pointing along the direction of movement of the substrate and the device, 
which applies the dyestuff film. The Y-axis is perpendicular to the XZ-plane. The 
direction of the X-axis is not necessarily coincident with the direction of the minor axis 
3 of the ellipsoid. The minor axis is directed along the orientation of the major axes of 
25 the supramolecular complexes, which comprise the polarizing layer. These complexes 
are the structural units in lyotropic liquid-crystal state, existing in the solution. They 
are formed as the result of the molecular self-assembly. The major axis 1 is oriented 
along the direction of the orientation of the molecule's dipole moments of the optical 
transition. Moreover, the direction of these axes could vary in the different areas of the 
30 polarizer. 
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The absoiption coefficient K 3 along the axis 3 is of minimal magnitude. In an 
ideal polarizer it should be zero. Axis 1 coincides with the direction, along which 
absorption coefficient K t is maximum. It is necessary to note that a decrease of K, will 
cause an increase of K 2 , since it is related to the re-orientation of the dipole moments 
5 of optical transition from the distributed state to a single-orientation in the plane 1-2. 

This will increase the polarizing efficiency, while maintaining the same 
thickness. For the components of the real and the imaginary parts of the refractive 
index the following should be true: 

K,^K 2 >K 3 

1 0 Components of the real and imaginary parts of the anisotropic refractive index 

and the direction of the ellipsoid's axes could be experimentally determined with the 
existing ellipsometric and spectral photometric methods. 

It is possible to provide the necessary anisotropy and the orientation of the main 
axes of the absoiption coefficient by creating a certain angular distribution of molecules 

15 in the polarizing film on the substrate surface. If the function of the distribution is 
symmetric relative to the direction of the application of the polarizer and the normal to 
the substrate plane, then axes 1 and 3 will coincide with these directions, i.e. axes X 
and Z, while the Y-axis will be perpendicular to them. Then, the X-axis will be the axis 
of the minimal absorption, while Y-axis will be the axis of maximum absorption. With 

20 asymmetrical angular distribution the orientation of the axes may not coincide with the 
above directions. 

Fig. 4 provides a plot of the angular dependence of polarizing efficiency Ep and 
transmission by two cross-oriented polarizers H 90 on the polar angle with fixed azimuth 
angle at 45° for various values of coefficient R, which is equal to the ratio of K 2 and K, 
25 in the range from 0 to 1. With R=0, the polarizing efficiency decreases, while 
transmission increases with the deviation of the beam from the normal to the polarizers. 
However, when R=R 0 the dependence reverses, i.e. the polarizing efficiency increases, 
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while transmission decreases. This signifies an enhancement of angular characteristics, 
provided by the polarizers of the present invention. 

Symmetrical and asymmetrical angular distribution of molecules can be 
obtained via different methods. Fig. 5 shows one example of a packing of molecules, 
5 the dipole moment of optical transition of which is directed along its major axis. With 
the formation of the polarizer the dipole moment appears oriented at an angle to the 
surface of the substrate. In case of ideal packing of molecules, shown in the figure, the 
major axis of the absorption coefficient will be directed at an angle to the polarizer 
surface. 

10 In the packing of molecules, shown in Fig. 6, a symmetrical distribution is 

achieved, where the major axes are directed normal, along and perpendicular to the 
plane of the molecules. In addition, the ratio of coefficients Ky and depends on the 
angle between the direction of the dipole moment of the optical transition and the 
molecular axis. Thus, for example, if this angle is 45°, then they will be equal to each 
1 5 other (Fig. 7a), and if the angle is zero - then is also equal to zero. Obviously, the 
presence of the spiral axis perpendicular to the plane of the molecules will lead to 
equality of Ky and K^. This case is illustrated in Fig. 7b. Disturbance of the directional 
order increases absorption along the normal and makes the ellipsoid more symmetrical 
in the plane perpendicular to the direction of the orientation. 
20 Figs. 8 and 9 show symmetrical and asymmetrical cases, respectively, of 

angular distribution with the partial misalignment of the molecules in the plane 
perpendicular to the direction of the polarizer's application. 

Control over the angular distribution of molecules, and consequently, over the 
ratio of the components in the anisotropic absorption coefficient and also the 
25 distribution of orientations of the major axes of ellipsoids in the volume of the polarizer 
could be conducted with various methods, such as any one of the following: 

application of an external electric or magnetic field on the region where the 
polarizer is formed, 

forces of viscous flow, 
30 - alteration of the surface properties via its modification, 
alteration of the surface energy and its anisotropy, 
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certain conditions of the drying conditions during the process of the polarizer 
forming, 

modification of the organic molecules via insertion of additional groups or 
exchanging existing one for others, 

varying the ratio of the quantities of isomers in the composition of lyotropic 
liquid crystal, and 

other methods. 

The minimum length of the film area, on which the mentioned parameters are 
under control, is determined by the lower limit of the working range of wavelengths for 
particular polarizer. A smaller structure will be averaged and will be impossible to 
detect via optical methods. The spectral range of polarizer's operation depends on the 
spectral range of the absorption bands of the organic molecules and lies in the range of 
about 0.2-13 |im, which includes ultra-violet, visible and infrared ranges. 

Organic molecules of various kinds, which can form the liquid crystal and 
15 lyotropic liquid crystal phases, can be used to obtain the directionally and spatially 
ordered layer of organic matter. Examples of suitable organic molecules include: 
polymer liquid crystal (LQ, L C with high melting temperature, low-molecular weight 
compounds, which in solution prone to aggregate and transition to lyotropic liquid- 
crystalline state. Most of the latter are the water-soluble dyestufife, on the basis of 
20 which the polarizer with the necessary angular characteristics could be obtained. 

Structural formulas of organic matters which are suitable for use in the present 
invention are illustrated below. 
Dyestuffs: 

- polymethine dyestuffs, for example, 
25 "pseudoisocyanine": 




CH2CH3 




- triarylmethane dyestuffs, for example, 

"osnovnoi biriuzovii" (C.I. Basic Dye, 42035 (Turquoise Blue BB (By))): 



5 




- diaminoxanthene dyes, for example, 

"sulforhodamine S" (CI. Acid Red 52, 45100 (Sulforhodamine B)): 
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G andT(L))): 



- sulfonation products of acridine dyes, for example, 

of Wqumacridone" (CI. Pigment Violet 19, 46500 (trans-Quinacridone)): 
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- water-soluble derivatives of anthraquinone dyes, for example, 
"aktivnii yarko-goluboi KH" (C.I. Reactiv Blue 4, 61205): 




5 - sulfonation products of vat dyes, for example, 

of "flavantrone" (C.I. Vat Yellow 1, 70600 (Flavanthrone)): 

o 
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of "indantrenovii zholtii" (CI. Vat Yellow 28, 69000): 




O 



of "kubovii fioletovii S" (CI. Vat Violet 13, 68700): 
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of perylene violet dye (CAS: 55034-81-6): 
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of "kubovii alyi 2Z» (C.I. Vat Red 14, 71110): 
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- azo-dyes, for example, 
Benzopurpurine 4B (CI. Direct Red 2, 23500): 





"Pryamoy zheltii svetoprochni/* (C.L Direct Yellow 28, 19555): 
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SOjXat* 




5 

- sulfonation products of dioxazine dyes, for example, 
of "pigment fioletovii dioxazinovii" (C.I. Pigment Violet 23, 51319): 




- water-soluble thiazine dyes, for example, 
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C.I. Basic Blue 9, 52015 (Methylene Blue): 



N(CH 3 )j 




- water-soluble derivatives of phtalocyanine dyes, for example, 
cupric octacarboxyphtalocyanine salts: 

'KafOOC COO'Kat* 




Met = Cu 



tOO'Kaf 



fluorescent bleaches, for example: 




SQjNa 
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or 

h 2 n-Q-ch=ch-hQ-Q-ch=ch-Q-nh 2 

S0 3 H H0 3 S 



n 

or 



CeHj (fYV/~VJL__H 




S0 3 Na S0 3 Na 



in 

or 



ch 3 6 H , 



IV 



And also other colorless organic substances, for example di-sodium chromoglycate: 
c! 9 H r 2 

o cr^^^o o 



*C6 




NaOOC^O^ ^O^COONa 



Aside from the polarizing layer and the substrate, which could be manufactured 
from a polymer, glass, metal, or of semiconducting material of flat, spherical, conical, 
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cylindrical or other shapes, the polarizer may also include one or more conducting, 
insulating, birefringent, reflective, protective, adhesive and other layers, which provide 
the necessary properties and enhance technical characteristics of polarizers. 

POLARIZER OPERATION. EXAMPLE 

5 Lets consider the operation of polarizer according to the present invention, 

absorption coefficients of which along the three axes are not equal and the absorption 
coefficient of the mean value is the one along the normal to the substrate plane. Due to 
polarizer's imperfections, coefficient K, is close but not equal to zero. Upon the 
incidence of an unpolarized beam of light normal to the polarizer's plane, the 

10 circumference of E-vectors (the circumference, which is formed by the tips of the 
electrical field vectors of the unpolarized beam) transforms into an ellipsoid with the 
lengths of axes determined by the polarizer thickness and absorption coefficients K, 
and Ky. The polarizer thickness is chosen such that the exiting light beam is linearly 
polarized. When the beam is diverged from the normal, the linear polarization will 

15 transform into partial polarization, characterized by the elliptic distribution of the 
electric field amplitude depending on the orientation of the polarization plane in the 
beam. Also, the speed of change of the major and minor axes depending on the polar 
and azimuth angle of propagation are not equal and depend on the ratio of the 
coefficients and which is set so as to provide the optimum combination of the 

20 intensity and degree of polarization of the passing light. In particular, one of the 
conditions for optimum performance would be to at least maintain the level of 
polarizing efficiency upon divergence of the beam from the normal and azimuth angle 
of 45°. The optimum is calibrated according to the transmission of two cross- and 
parallel-oriented polarizers at least for one wavelength. 
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REALIZATION OF THE INVENTION. EXAMPLE 

Dichroic polarizers according to the present invention are obtained via 
formation of at least one anisotropically absorbing film comprised of oriented 
molecules of organic matter. The material of the mentioned film can be obtained via 
5 one of the known methods. One of the above listed compounds is used, for example 
indanthione. Then the dyestuff is transfoimed into the liquid crystal (IX) solution. The 
obtained LC solution is applied onto a glass plate (10X10 cm 2 ) in the form of a strip 
and on the distance of 2 cm from the edges of the plate. The plate is fixed on the 
lmeariymovin g stage.Non- ro ^ 

The desired dyestuff solution film thickness is controlled by the two spacers, which are 
fixed on the roller. The stage with the fastened plate is moved with the speed of 10 
cm/sec. The film is dried at room temperature. The orientation of the supramolecular 
complexes from the LC solution is controlled by varying the external alignment force 
in the process and/or after the film formation. The external alignment force can be 
different: electro-magnetic, mechanical, etc. With the necessary intensity of the 
external alignment force, which is determined by the properties of a particular LC 
solution (chemical content, concentration, temperature, etc.), the anisotropically 
absorbing film, characterized by parameters mentioned in the independent claims is 
obtained. 

As indicated by the experimental data, dichroic polarizers obtained according 
to the present invention provide enhancement of the angular characteristics, in 
particular, the increase of transmission of unpolarized light by one as well as two 
parallel polarizers, while retaining their thickness and the enhancement of the angular 
characteristics of two cross-oriented polarizers and an increase of their polarizing 
efficiency.For all obtained polarizers, the polarizing efficiency was no less than98.8%, 
while the transmittance of unpolarized light by a single polarizer was higher than the 
regular polarizer of the same thickness. 

The foregoing description of specific embodiments and examples of the 
invention have been presented for the purpose of illustration and description and 
although the invention has been illustrated by certain of the preceding examples it is 
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not to be construed as being limited thereby. They are not intended to be exhaustive 
or to limit the invention to the precise forms disclosed, and obviously many 
modifications, embodiments, and variations are possible in light of the above teaching. 
It is intended that the scope of the invention encompass the generic area as herein 
5 disclosed, and by the claims appended hereto and their equivalents. 
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CLAIMS 



We claim: 



1 . Dichroic polarizer, containing at least one anisotropically absorbing film 
of oriented molecules of an organic matter, comprising 

the anisotropically absorbing film which is characterized by the fact that for the 
semimajor axes of the ellipsoids of the real and imaginary part of its anisotropic 
refractive index in the range of at least one band of absorption wavelengths, the 
following is true on the area with dimensions of no less than the maximum wavelength 
of at least one absorption band: 

K, *K 2 >K 3 
2 ' 

where, K, , K 2 , K 3 and n„ n 2 , n 3 , are main values of the imaginary and real part, 
accordingly, of the semiaxis of the ellipsoid representing the anisotropic refractive 
index, and/or the anisotropically absorbing film is characterized by the fact that the 
light transmission of two anisotropically absorbing films with cross-oriented 
polarization axes does not increase with the angle of incidence at least for a certain 
range of wavelengths in case of the deviation of its propagation from the normal to the 
polarizer plane. 



2. Polarizer according to claim 1 wherein the following is true for the 
absorption coefficients: 

K, £ K 2 » K 3 
K 3 <0.2*K, 
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3. Polarizer according to claims 1 or 2 wherein the directions, which 
correspond to the maximum and/or minimum value of the imaginary part of refractive 
index lay in the plane parallel to the substrate. 

5 4. Polarizer according to any of claims 1-3 wherein the organic matter is 

comprised by at least one organic substance, chemical formula of which has at least one 
ionogenic group, which provides its solubility in polar solvents in order to create the 
lyotropic liquid-crystal phase, and/or at least one non-ionogenic group, which provides 
solubility in non-polar solvents in order to create the lyotropic liquid-crystal phase, 

1 0 and/or at least one counterion, which in the process of formation of the anisotropically 
absorbing film either remain in the structure of molecules or not. 

5. Polarizer according to any of claims 1 -4 wherein the organic matter is 
embodied by at least one organic dyestuff capable of light absorption in at least one of 

15 the following spectral ranges: from 200 through 400 nm, or 400 through 700 nm, or 
from 0.7 through 13 mm. 

6. Polarizer according to any of claims 1-5 wherein the organic matter is 
embodied by at least one organic dyestuff of the formula 

20 {K}(M)n 

where K - is the dyestuff, chemical formula of which contains ionogenic group 
or several groups, same or different, which provide its solubility in polar solvents in 
order to form lyotropic liquid-crystal phase, M - is a counterion, and n - is the number 
of counterions in a dyestuff molecule, which could be a fraction in the case of sharing 
25 of one counterion by several molecules, and in the case of n>l counterions could be 
different. 
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7. Polarizer according to any of claims 1-6 wherein the anisotropically 
absorbing film is formed by numerous supra-molecular complexes of one or several 
organic substances, and the supra-molecular complexes are oriented in a particular 
direction in order to polarize the incident light 



8. Polarizer according to any of claims 1-7 wherein at least one 
anisotropically absorbing film is formed with use of solution of at least one organic 
matter which can form a stable lyotropic or thermotropic liquid-crystal phase, via 
application of such solution onto isotropic or anisotropic substrate surface, alignment 
action and subsequent drying process. 



9. Polarizeraccordingtoanyofclaims 1-8 wherein it has a substrate made 
from either a polymer, glass, metal or semiconductor, having either flat, convex 
concave, spherical, conical, cyUndrical or varying according a certain law including 
periodic surface shape, as well as a possible anisotropic or isotropic volumetric 
properties, and a possible periodic or non-periodic texture on its surface. 

10. Polarizeraccordingto any of claims 1-9 wherein it contains at least one 
polarizing film, and/or at least one conducting film, and/or at least one phase-shifting 
film, and/or at least one birefiingent film, and/or at least one alignment film, and/or at 
least one protecting film, and/or at least one liquid-crystal film, and/or at least one 
diffuse- or mirror-reflecting film, and/or at least one film operating as at least two or 
moreoftheabove listed films, whileat least one of those films could be anisotropically 
or isotropically absorbing and/or birefiingent. 



11. ^ematerialoftheanisotropicallyabsorbingfilmbasedontheoriented 
molecules of an organic matter wherein 



WO 01/63346 



PCT/US01/05788 



32 

the molecules of the substance are oriented so that for the semimajor axes of the 
ellipsoids of the real and imaginary parts of anisotropic refractive index in the range of 
at least one band of absorption wavelengths, the following is true on the area with 
linear dimensions no less than the maximum wavelength of at least one absorption 
5 band: 

K,*K 2 >K 3 
2 3 

where K, , K 2 , K 3 and n„ n 2 , n 3 , are main values of the imaginary and real part, 
10 accordingly, of the semiaxes of the ellipsoid representing the anisotropic refractive 
index, and/or the molecules of the substance are oriented so that the light transmission 
of two anisotropically absorbing films with cross-oriented polarization axes, formed 
with this material, does not increase, at least in some range of wavelengths, upon 
deviation of the direction of light propagation from the normal to the polarizer. 



15 
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12. The material according to claim 1 1 wherein the following is true for the 
absorption coefficients: 

K,;>K 2 »K 3 
K 3 <0.2*K, 



13. The material according to any of claims 11-12 wherein the organic 
matter is embodied by at least one organic substance, chemical formula of which 
contains at least one ionogenic group, which provides solubility in polar solvents in 
order to create the lyotropic liquid-crystal phase, and/or at least one non-ionogenic 
25 group, which provides solubility in non-polar solvents in order to create the lyotropic 
liquid-crystal phase, and/or at least one counterion, which in the process of formation 
of the anisotropically absorbing film either remain in the structure of molecules or not. 
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The material according to claim 13 wherein water is the polar solvent. 



15. The material according to any of claims 1 1-14 wherein the organic 
matter is embodied by at least one organic dyestuffof the formula 

{K}(M)n 

whereK-is thedyestuff, chemical formula of which contains ionogenic group 
or several groups (same or different), which provide its solubility in polar solvents in 
order to form lyotropic liquid-crystal phase, M - counterion, and n - is the number of 
countenons in a dyestuffmolecule, which could be a fraction in the case of sharing of 
one counterion by several molecules, and in the case of n>l countenons could be 
different. 



16. The material according to any of claims 1 1-15 wherein the organic 
matterisembodiedbyatleastoneorg^^ 

of the following spectral ranges: from 200 through 400 nm, or 400 through 700 nm or 
from 0.7 through 13 mm. 



17. The material according to any of claims 11-16 wherein it is formed by 

amultitudeofsupra-molecularcomplexesofoneor several organic substances, and the 

supra-molecular complexes areoriented in aparticulardirection in order to polarize the 
incident light 



18. The material according to any of claims 1 1-17 wherein it is obtained 
from a solution of at least one organic matter, which forms a stable lyotropic or 
thermotropic liquid-crystal phase, via application of such solution onto an isotropic or 
anisotropic surface of the substrate or a wafer, application of an external alignment 
force and subsequent drying process. 
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19, The material according to any of claims 11-18 wherein it is intended for 
obtaining a polarizing film, and/or phase-shifting film, and/or birefringent film, and/or 
alignment (the liquid crystal) film, and/or protective film, and/or liquid-crystal film, or 
a film operating as any combination of at least two of the above listed films. 

20. The material according to any of claims 11-19 wherein it is 
characterized by varying direction of polarization throughout the thickness and at least 
on one region of a film obtained from it. 
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